Abstract. Aerosol measurements from the Halogen Occultation Experiment (HALOE) during the Antarctic spring of 1993 are compared with calculations of the volume of different types of polar stratospheric clouds (PSCs) at equilibrium. The observed volumes increased by a factor of--30 coincident with water vapor enhancements of--3 ppmv, suggesting that the enhancement of water vapor was important in determining PSC growth. The enhanced water vapor was coincident with increased methane mixing ratios, and trajectory analysis suggests that the vapor enhancements were consistent with transport from lower latitudes. The nitric acid distribution was not measured and is treated either as constant or as positively correlated with the observed water. Comparing the observed volumes with model calculations assuming constant nitric acid suggests that the PSCs were composed of liquid ternary H2SO4-H20-HNO3 aerosols (LTA) rather than solid nitric acid trihydrate (NAT). However, if the water vapor intrusions were accompanied by enhanced nitric acid, the observations closely match predictions for solid NAT, and those for LTA. These comparisons highlight the importance of the vapor distributions for modeling PSC growth and suggest that vapor resupply is important for late spring PSC growth. This work also highlights some inherent limitations of large field of view limb-viewing instruments for the observation of PSCs.
Introduction
Stratospheric temperatures during the polar winter and spring are often sufficiently low to allow the formation and growth of particles that can attain volumes 5-100 times greater than the background sulfuric acid-water aerosol, to form polar stratospheric clouds (PSCs) Koop et al. [1995 Koop et al. [ , 1997 showed that the LTA probably remain liquid to temperatures at least as low as the ice frost point. The mechanism for nucleation of NAT remains a subject of debate [e.g., Tolbert, 1996] . For cooling below the water frost point, growth as water ice becomes the dominant process, regardless of the preexisting particle phase and composition. [Tabazadeh and Toon, 1996] .
In this work, aerosol and water vapor measurements from the Halogen Occultation Experiment (HALOE) (version 18) during the austral spring of 1993 are compared with the calculated volumes for LTA, solid NAT, and ice. The calculations show that significant growth of either liquid or solid particles requires not only low temperatures but also mixing ratios of H20 and HNO3 that are higher than generally available in the spring Antarctic vortex.
HALOE Measurements
The HALOE instrument uses the principle of satellite solar occultation and the instrumental techniques of gas filter radiometry and broadband radiometry to measure profiles of solar attenuation by the atmosphere's limb as the Sun rises or sets relative to the spacecraft. Measurements in eight spectral bands (from 2.45 to 10.01 gm) are used to retrieve the profiles of HF, HC1, CH4, NO, NO2, H20, and 03 mixing ratios, temperature, and aerosol extinction at 2.45, 3.40, 3.46, and 5.26 gm wavelengths. HALOE measurements cover two longitude sweeps each day (15 profiles each): one at the latitude of sunsets and one at the latitude of sunrises. Each HALOE sunrise (or sunset) measurement is separated by 1.6 hours and 24 ø longitude (which is 911 km at 70øS). By doing so, we do not make an a priori assumption about the phase or composition of the particles, which would bias the results. As we show below, such an approach is necessary for cases where the PSC type cannot be determined unambiguously. Test calculations using either NAT or LTA indices reveal our assumption of +50% uncertainty to be a true upper limit.
Aerosol measurements in PSCs probably contain signal from both cloud and background aerosol existing simultaneously in the sample volume. However, extinctions add linearly and PSC attenuation is typically a factor of 30 or more greater than for background aerosol, so the total extinction is essentially due to the PSC alone when both targets fill the field of view (FOV). A more important concern, however, is that the PSCs could have spatial dimensions that are smaller than the HALOE sample volume. Since the retrieved extinction (cross section per unit volume) is spatially smoothed over the FOV, degradation of the actual PSC extinction can occur when the cloud is nonuniform in the sample volume. We return to this issue later.
Water Vapor
Profiles of water vapor mixing ratio are retrieved from broadband radiometer measurements in the 6.62 gm H20 band. These measurements are contaminated by aerosol absorption and are corrected using aerosol information retrieved independently at 5.26 gm wavelength. A major concern for the water vapor operating on a single aerosol sample, since each point is independent. HALOE aerosol volume and gas mixing ratio measurements on October 7-9 were interpolated in 0 to the 390 K surface, and the observed water vapor mixing ratios were interpolated linearly in temperature between the observations for model input.
Saturation with respect to ice was predicted where the observed H20 mixing ratios increased to about 4.5 ppmv at temperatures near 189 K (Figure 2a) . At these temperatures the calculated equilibrium ice volumes were from -50 to 100 [xm 3 cm -3, which is an order of magnitude greater than the observed volumes (Figure 2b) . The amount of H20 required to reach the ice point (Tice) is shown in Figure 2a . If the observed H20 mixing ratios were systematically -25% too low, then all observations below 189 K would be at or below Tice. On the other hand, if the observed H20 mixing ratios were systematically -25% too high, then the ice point is never The total amount of total H2SO4 is also reduced within the vortex due to diabatic descent of aerosol-poor air during the winter, as indicated by the low aerosol extinctions in Plate 1. In addition, the H2SO4 abundance may be further reduced due to large scale gravitational sedimentation of H2SO4-containing particles (e.g., loss of H2SO4 particles contained within sedimenting ice crystals). The total H2SO4 should therefore increase in the intrusion region, thus contributing to the increase in aerosol volume density that is observed in the PSC. The amount of additional H2SO4 in the intruded air parcels cannot be determined from the aerosol volume under PSC conditions (T less than about 196 K), since the major contribution to the volume increase is the uptake of H20 and HNO3. To estimate the possible increase in H2SO4 abundance, we therefore use the correlation between total H2SO4 and H20 vapor, determined under non-PSC conditions (see Figure 4) . Clearly, there is a correlation between these two species, albeit weak; H2SO4 varies between about 2.5 ppbv for high H20 mixing ratios outside the vortex and 0.5 ppbv for low H20 values typical of inner vortex conditions. We use the correlation shown in Figure 4 with the observed water to determine the amount of H2SO4 in the following calculations. Although the uncertainty in H2SO4 is large (up to +100%), the effect on calculated aerosol volume densities is relatively small (+30%), since the main contribution to aerosol growth is the uptake of H20 and HNO3. The NAT and LTA volumes were recalculated using the HNO3 and total H2SO4 mixing ratios determined from the measured water vapor using the correlations given in Figures 3 and 4 (compare Figures 5c and 2c) . The RMS HALOE-model volume differences for LTA decreased from 39% to 28% (compare Figures  5d and 2d ). It is difficult to identify the phase of the PSC from these comparisons, however, due to the uncertainies in the mixing ratios of HNO3 and H2SO4.
Discussion
In the preceding analysis, the inherent limitations of a large FOV were not considered. For example, observed fluctuations in water vapor could be due to the averaging of vapor-rich elements (extravortex air) and vapor-poor elements (vortex air), both within the same FOV.
HALOE observations provide only an FOV-averaged H20 signal, which, due to the nonlinear response of PSC growth to H20 mixing ratio, cannot be used to calculated an FOV-averaged PSC volume density. However, the maximum and minimum H20 mixing ratios are well defined, and some observations can be identified as most likely homogeneous within the FOV. Specifically, measurements of about 1.5 ppmv H20 represent the minimum value observed over a wide area of the vortex and are therefore likely to be homogeneous on the 
